a considerable variety of organic reactions have been reported to be catalysed efficiently by graphene oxide. Single or few layers of graphene oxide with large surface area and oxygenated functional groups, such as carboxyl groups, on the edges, and hydroxyl or epoxy on the basal plane have shown acidic and oxidative properties in catalytic processes (Scheme 2).
Considering the great potential of pyrido [2,3-d] pyrimidine derivatives as a source of valuable drug candidates and with our continued interest in MCRs and our ongoing programme for the synthesis of heterocyclic systems based on green chemistry protocols, [11] [12] [13] [14] here we report a green and efficient method for the synthesis of indeno[2′,1′: 5, 6] pyrido [2,3-d] pyrimidine-2,4,6(3H,5H,11H)-triones 4 through a one-pot, three-component condensation reaction between 6-aminopyrimidin-2,4(1H,3H)-dione 1, arylaldehydes 2 and indane-1,3-dione 3 catalysed by graphene oxide as an eco-friendly, efficient, non-toxic and reusable solid catalyst in water (Scheme 3). 
Scheme 3
Results and discussion
The vast biological and pharmacological importance of pyrido [2,3-d] pyrimidine derivatives inspired us to develop a novel protocol for their efficient synthesis. We aimed to find a practical and general method for their synthesis in high yields and purities and, as the development of efficient and environmentally friendly synthetic procedures is always desirable, we decided to determine whether pyrido [2,3-d] pyrimidine derivatives could be prepared by condensation of 6-aminopyrimidin-2,4(1H,3H)-dione, indane-1,3-dione and arylaldehydes in the presence of graphene oxide as carbocatalyst in water.
We chose indane-1,3-dione (1 mmol), 4-fluoro benzaldehyde (1 mmol) and 6-aminopyrimidin-2,4(1H,3H)-dione (1 mmol) as model substrates for the optimisation study. Indane-1,3-dione, 4-fluorobenzaldehyde and 6-aminopyrimidin-2,4(1H,3H)-dione were heated at 60 °C in the presence of 50 mg of graphene oxide for 4 h in water. To improve the yield of the reaction, various solvents and catalyst loadings were screened and the results are shown in Table 1 .
Among the various tested mediums (H 2 O, CH 3 CN, EtOAc, THF) and scanned catalyst loadings (10, 20, 30 , 40 mg), it was found that H 2 O in combination with 50 mg of catalyst gave the best results. With these optimised conditions, the scope and generality of this three-component reaction was investigated. The reaction was successful with various substituted arylaldehydes to provide the corresponding pyrido [2,3-d] pyrimidines 4a-p in good to excellent yields. As can be seen, very good yields of products were obtained for arylaldehydes bearing either electron-withdrawing or electron-donating groups (Scheme 4). Compounds 4a-p were new and their structures were deduced from their elemental analyses and their IR, 1 H NMR and 13 C NMR spectra. The mass spectra of compounds 4a-p are fairly similar and display molecular ion peaks. For example, the IR spectrum of 4a showed two absorptions at 3221 and 3438 cm −1 for NH groups and one at 1698-1660 cm −1 for carbonyl groups, indicating the presence of these functional groups in the proposed structure. 
Conclusion
We report a simple and efficient one-pot condensation of 6-aminopyrimidin-2,4(1H,3H)-dione with indane-1,3-dione and an arylaldehyde in the presence of catalytic amounts of graphene oxide as a good carbocatalyst in water at 60 °C to give indeno-fused pyrido [2,3-d] pyrimidines. The advantages of this method are simple available starting materials, short reaction times, easy and clean work-up, and excellent yields. Also the catalyst is recyclable; after five runs the yields were very good. For example, for the model reaction when 50 mg of fresh graphene oxide was used, the yield was 95% and after using the recovered catalyst the yield was about 91%. Towards the effort to harness the catalytic activity of sustainable carbon materials, such as graphene oxide, in diverse organic reactions, the present protocol is another example of the catalytic application of carbon materials in the synthesis of heterocyclic molecules of biological importance, the exploration of which has been very limited until now.
Experimental
Melting points were determined with an Electrothermal 9100 apparatus. Elemental analyses were performed using a Heraeus CHN-O-Rapid analyser. Mass spectra were recorded on a FINNIGAN-MAT 8430 mass spectrometer operating at an ionisation potential of 70 eV. IR spectra were recorded on a Shimadzu IR-470 spectrometer. NMR spectra were obtained on a Bruker DRX 400 MHz spectrometer ( 1 H NMR at 400 Hz, 13 C NMR at 100 Hz) in DMSO-d 6 using TMS as an internal standard. Chemical shifts (δ) are given in ppm and coupling constants (J) are given in Hz. All chemicals used in this work were purchased from Fluka (Buchs, Switzerland) and were used without further purification. [2,3-d] pyrimidines (4a-p); general procedure Equimolar amounts of the indane-1,3-dione, (1 mmol), an arylaldehyde (1 mmol) and 6-aminopyrimidin-2,4(1H,3H)-dione (1 mmol) in the presence of catalytic amounts of graphene oxide and water (5 mL) was placed in a 50 mL round-bottomed flask mounted over a magnetic stirrer. The contents were stirred magnetically in an oil bath maintained at 60 °C for 4 h. On reaction completion, monitored by TLC, the reaction mixture was filtered and the resulting precipitate diluted with hot ethanol. The catalyst was easily separated from the reaction mixture by filtration, washing with hot ethanol and drying, and reused for a consecutive run under the same reaction conditions. Then, the reaction mixture was cooled to room temperature and the solid residue was collected by filtration and recrystallised from ethanol to afford the pure product. :5,6] pyrido [2,3-d] 
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